Peanuts, cottonseed, rice, and sorghum from Texas were sampled over a 3-year period. To insure adequate isolation of alfatoxin-producing species of fungi, low-quality lots were sampled at a rate greater than their respective proportional representation. Aflatoxins were found each year in peanut and cottonseed and were found in 2 of 3 years in rice and sorghum. Aflatoxins were detected in all four crops. The Aspergillus flavus group was much more prevalent in peanut and rice than in cottonseed and sorghum. Of the isolates of the A. flavus group, 96% from peanuts, 79% from cottonseed, 49% from sorghum, and 35% from rice produced aflatoxins. The average toxin production of isolates from rice was much less than that from peanuts, cottonseed, or sorghum. More than 90% of all isolates of the A. flavus group were identified as the species A. flavus. A. parasiticus was isolated from all four crops. Only A. parasiticus produced aflatoxin G.
A wide range in the ability of strains and species of the Aspergillus flavus group to produce aflatoxins was reported soon after Sargeant et al. (9) first associated the toxins with A. flavus Link in 1961. In a recent review, Diener and Davis (5) cited early reports of toxin production by fewer than 6% (India) to more than 70% (Israel) of the strains of the A. flavus group isolated in the respective areas. In 1966, Diener and Davis (4) reported aflatoxin production by 86% of A. flavus cultures isolated from several natural substrates. In the same year, Boller and Schroeder (2) reported that 98% of isolates from rice samples collected from five rice-producing states in the United States produced aflatoxin. In 1967, Taber and Schoeder (10) found that about 95% of 213 A. flavus isolates from Texas peanuts produced aflatoxins.
Four species of the A. flavus group were commonly found to be associated with grain or other seed crops. They are A. flavus, A. parasiticus Speare, A. tamarii Kita, and A. oryzae (Ahlb.) Cohn. Of these species, A. flavus and A. parasiticus are known producers of aflatoxins.
All other factors being equal, the relative prevelance of strains with the ability to produce large quantities of the toxins in comparison with strains or species that produce little toxin can be expected to affect the level of contamination.
Because several aspects of this problem have received little or no investigation, the following study was made to determine whether the prevalence of aflatoxin-producing strains on peanuts, cottonseed, rice, and sorghum varies markedly from year to year and whether an interaction with the host affects this prevalence.
MATERIALS AND METHODS Samples were collected from experimental and, mostly, commercial sources. The sampling was performed throughout the crop year and was made at inspection stations and shellers (for peanuts), gins and oil mills (for cottonseed), and dryers and elevators (for rice and sorghum). The sample size averaged about 2 lb and was obtained in most cases by splitting the gin, sheller, or storage operator's inspection or grading sample. Oilseed stock peanuts were sampled directly from the sorter's reject stream. Most samples were from south and central Texas, but some sorghum and cottonseed samples were from the high plains of northwest Texas. Because the primary purpose of the study was to investigate the aflatoxin-producing potential of the A. flavus group found on these crops, samples of low-quality seed were obtained whenever possible to increase the frequency of isolations of the A. flavus group.
The fungal flora was determined by plating 100 surface-disinfected seeds (1 min in 1% sodium hypochlorite) from each sample on malt-salt agar (2% malt and 7.5% sodium chloride). Thus, only fungi from internal infestations were studied. After Aflatoxins were determined in the crop samples and in the cultures by a slightly modified version of the Pons and Goldblatt (7) method. The initial samples were mixed thoroughly and 50-g portions were processed for assays. Cottonseed meats and shelled peanuts were comminuted in a blender in the extraction solvent. The cereal grains were ground to pass a 20-mesh screen in a laboratory mill, then weighed into a flask with the extraction solvent. The cultures were comminuted in a blender (with enough water and acetone added to bring the mixture to about 70% aqueous acetone and to a total volume of 250 ml), and the mixture was transferred to a 500-ml flask. Samples were shaken for 30 min on a reciprocating shaker. The assay procedure then followed the purification procedures of Pons and Goldblatt (7) . The constituents of the final extracts were resolved, and the aflatoxins were quantified by thin-layer chromatography. Plates (0.25-mm thick) coated with silica gel G-HR or Absorbosil-1 were developed in the following solvent systems: (i) acetone: chloroform (15:85, vol/vol) and (ii) benzene:acetic acid: methanol (320:20:14, vol/vol/vol). The first solvent system was used for qualitative identification and to estimate quantity. Finally, after development in the plates in the second solvent system, the extracts were diluted as required and quantitated.
Each culture tested was identified to species according to the classification system of Raper and Fennell (8) . RESULTS
In the samples tested, natural aflatoxin contamination was found in all crops each year, with the exception of rice and sorghum in crop year 1969 (Table 1) . A higher percentage of peanut samples was contaminated, but among contaminated samples the highest concentration of toxins was found in cottonseed. Sorghum was the least contaminated crop and also had the lowest concentration of aflatoxin in contaminated samples. These data cannot be construed to accurately represent the incidence or levels of natural aflatoxin contamination in these crops because of the bias introduced by purposeful selection of low-quality samples whenever possible. Thus, peanut samples included a number of "pickouts" and oil stock samples, but they also included a number of samples of no. 1 graded peanuts. Some rice samples from experimental storage were included; however, the experimental conditions were variation in moisture and aeration rates that could occur under commercial conditions. The cottonseed and sorghum samples were most representative of material in commercial marketing channels.
The prevalence of species of the A. flavus group ranged from highest to lowest in the following order: peanuts, rice, cottonseed, and sorghum. This order of prevalence held true for the percentage of positive samples, average isolates per sample, and highest prevalence in a given sample (Table 2 ). Ninety percent of the seed of one peanut sample in 1969 contained A.
flavus species. In contrast, the highest prevalence in sorghum was only 11% in 1970.
In 1969, all isolates were tested for aflatoxin production on all four substrates (data not shown). With relatively few exceptions, more aflatoxins were produced on peanuts than on any other substrate, regardless of the source of the isolates. Peanuts were the most effective substrate for the production of aflatoxins, followed by rice, sorghum, and cottonseed. The overall average-yield ratio on the various substrates was approximately 1:0.5:0.3:0.2:0 (peanuts: rice: sorghum: cottonseed).
Aflatoxin-producing strains were a large part of the isolate population of the A. flavus group among all crops (Table 3) . From peanuts, the 3-year average showed that 96% of the tested isolates were aflatoxin-producing strains. Cottonseed ranked second with 79%, followed by sorghum (49%) and rice (35%). As indicated by the maximum yields of toxigenic isolates, highly toxigenic strains were found on all crops. The average yield of the aflatoxin-producing isolates showed that the A. flavus population of rice contained a significantly lower proportion of high-producing isolates than did the other three crops. The peanut population was the highest in average toxigenicity.
Identification to species of the isolates of the A. flavus group established the overwhelming preponderance of the species A. flavus (Table  4) . A. parasiticus was isolated with a low and irregular frequency; however, it is a very important part of the population, because in our tests, all A. parasiticus isolates were highly toxigenic strains, producing large quantities of aflatoxins B and G (data not shown). In contrast, the strains of the species A. flavus in our tests produced only the B toxins in quantities that ranged from very high to a trace only. A. tamarii appeared to produce trace amounts of aflatoxin B in some tests, but the production was irregu- flavus population, but they also tend to be high producers of the toxins. Our tests also showed that the peanut is a very favorable substrate for the production of the toxins (the most favorable of the four crops studied). This may be due in part to a faster growth rate on the peanut, but peanuts might also supply some factor that stimulates aflatoxin synthesis. Although growth rates were not measured, visual differences C8807 VOL. 25, 1973 Cottonseed. Aflatoxin contamination also is a major problem in cottonseed. Like peanuts, cottonseed is an oilseed. The importance of aflatoxin contamination in both crops might be related to high oil contents; however, our tests showed that cottonseed in culture is a relatively poor substrate for the production of aflatoxins. A high percentage of aflatoxin-producing strains made up the A. flavus population in cottonseed, although A. flavus is much less prevalent in cottonseed than in peanuts. Ashworth et al. (1) have shown that cottonseed is invaded by A. flavus and that aflatoxin contamination occurs in the field prior to harvest. Therefore, the long period of favorable temperature and moisture conditions, in conjunction with a high proportion of associated toxigenic strains, must be the primary reason why high concentrations of aflatoxins are found in cottonseed.
Rice. Aflatoxin contamination has not been shown to be a serious problem in rice in the United States. In Japan, Kurata et al. (6) did not find aflatoxin in a survey of Japanese rice and found no aflatoxin-producing strains among cultures of A. flavus isolated from rice.
Van Veen et al. (11) detected no aflatoxin in fermented rice in Ecuador, and two strains ofA. flavus isolated from the rice failed to produce aflatoxins when cultured on wheat. The data reported here show that often A. flavus is a major component of the mycoflora of rice in Texas. In addition, rice as a culture substrate was second to peanuts in supporting the production of aflatoxins. Because highly toxigenic strains of A. flavus were rarely found in rice, it can be assumed that their scarcity is one major reason that aflatoxin has not become a problem. Most of the United States rice crop is promptly dried with heated air after harvest, and this procedure also contributes to the low incidence of aflatoxin in U.S. rice. Calderwood and Schroeder (3) have shown that aflatoxins can accumulate in rice stored without proper conditioning; therefore it is imperative that good conditiong, handling, and storage techniques be followed as a means of preventing a serious incidence of aflatoxin. The data do not indicate a reason for the low incidence of highly toxigenic strains of A. flavus in rice. A solution to this question might provide a clue to development of means of controlling contamination in other crops.
Sorghum. Grain sorghum differed from rice. A. flavus was only a minor constituent of the mycoflora, but many isolates were highly toxigenic. Grain sorghum was a moderately good substrate for aflatoxin production in culture. Aflatoxin contamination of grain sorghum appears to be of little or no significance. The principal reason apparently is that the A. flavus group is such a minor part of grain sorghum mycoflora in Texas; however, aflatoxin contamination may occur in localized areas within the grain mass.
